We studied the hadronic decays of excited states of heavy mesons (D, Ds, B and Bs) to lighter states by emission of π, η or K. Wavefunctions and energy levels of these excited states are determined using a Dirac equation for the light quark in the potential generated by the heavy quark (including first order corrections in the heavy quark expansion). Transition amplitudes are computed in the context of the Heavy Chiral Quark Model.
INTRODUCTION
In the context of the most general Quark Model, a heavy-light meson (H) is modeled with a light quark (q) bound to a static source of chromoelectro-magnetic field (the heavy quark h). Its hadronic transitions can be computed assuming that only the light quark enters in the reaction through and effective coupling g A (Heavy Chiral Quark Model [1] ).
Our work generally follows that of ref. [2] [3] [4] [5] . We differ in the choice of the potential. Moreover, we included for the first time the mixing effects in the spectrum and decay amplitudes.
SPECTRUM

Notation
The Dirac wavefunction, Ψ, of the light quark can be determined by solving the eigenvalue problem HΨ n,ℓ,j,J,M = E n,ℓ,j,J Ψ n,ℓ,j,J,M
where H is the Hamiltonian of the system and Ψ is 4-spinor that represents the wavefunction of the system. In our notation
where n is the radial quantum number, ℓ is the orbital quantum number, j, m are the total spin * Talk presented by of the light quark and its z component, J, M are the total spin of the meson and its z component, f 0 ,f 1 are radial wavefunctions and Y ℓ m are the usual spherical harmonics. ξ S is the 2-spinor associated to the heavy quark h and S is its spin.
Our convention for the phase and the normalization is such that
Choice of the potential
Ignoring 1/m h corrections, the most general form of the Hamiltonian that appear in eq. (1) is
where V s is a spin independent potential, V v is a spin dependent potential and M h is a total energy shift (not to be confused with the mass of the heavy quark m h that appear in corrections to
. Asymptotic freedom suggests that at short distances V v ≃ 1/r dominates, while lattice simulations suggest that at large distances V s ≃ r dominates. As it was observed in ref. [2] , the choice of Coulomb-like potential at short distance is inconsistent with 1/m h spin-dependent correction to H 0 , because of ultraviolet divergences. The solution of the problem is that, in the context of the Dirac equation with a finite m h , it is not correct to localize the heavy quark with a delta function since one must take into account the spatial degrees of freedom of the heavy quark. Our pragmatic approach to the problem is that of delocalizing the heavy quark within a length scale 1/λ assuming a Gaussian wave-function, Φ(x), for the former. The effective potential felt by the light quark is, therefore, a convolution of the Coulomblike potential with the square of the wave-function of the quark:
Our choice for the spin-independent part of the potential is
(notice from eq. (4) that c is not a physical parameter since it can be re-absorbed into the definition of m q ).
1/m h correction
We solve the eigenvalue problem associated to the eq. (1) using the Hamiltonian in eq. (4) and the potentials (5, 6) . In this way we determine the radial wave-functions f 0 nℓ , f 1 nℓj and the associated eigenvalues E nℓj .
1/m h corrections to the the Hamiltonian have been derived in [4] in the Bethe-Salpeter formalism. They are responsible for the spin-orbit interaction, the hyperfine spitting and the mixing of states with the same j. We include these effects as a perturbation to the energy levels (δE nℓjJ ) and also determine the mixing coefficients for each doublet of states.
In terms of the f i the 1/m h correction to the energy levels reads as
where one can identify the contributions proportional to p 2 :
the spin orbit interaction, for j = ℓ + 
for j = ℓ − and the hyperfine splitting contribution:
Choice of parameters and predictions
The nine parameters of the model ( The spectrum for some of the states plotted in fig. 1 fig. 2. 
Tests of the model
Despite the good fit of the mass spectrum we decided to test our model by comparing some of the transition amplitudes with some recent lattice results. In particular we computed
using our chiral quark model (where the only unknown parameter is the overall normalization, g A , which is the effective coupling of the quark to the axial current, A µ ) and comparing it with the lattice result of ref. [6] . The comparison is shown in fig. 3 . In the plot the point at r = 0 is used to fix the relative normalization. A more sophisticated analysis of the lattice results gives 2 g A = 0.42 ± 0.09.
HADRONIC DECAYS
Decay amplitudes
We consider here the most general hadronic transition
where H ′ is an heavy meson with associated wavefunction Ψ ′ , H is an heavy meson with associated wave-function Ψ and x is a light meson with momentum p. Such a transition is mediated by a matrix element of the form
where X is the 4×4 spin matrix that characterize the transition. In the particular case in which the light meson x is a pseudoscalar (π, η or K) X = p /γ 5 , while if the light meson x is a vector (ρ, ω or K * ) X = ǫ / (and ǫ is the polarization vector of the outcoming vector meson).
The exponential can be expanded in products of spherical harmonics and spherical Bessel functions (j k ), thus giving
We computed A ℓx (X, p) for a complete set of spin matrices X and proved that it can alway be reduced to integrals of the form
2 this is a preliminary determination valid in the limit
where the sum on x spans all the hadronic decay modes with emission of a light pseudoscalar meson. The total width for some of the mesons is reported in table 1.
CONCLUSIONS
We computed the spectrum and the width of hadronic decays of excited D, D s , B and B s mesons in the context of the chiral quark model. As an example, we report here some hadronic decay channels for the first radial excited B meson (not including the ρ decays) B(2 More complete tables will be published on a separate paper. Figure 3 . Comparison between a prediction of our model and the lattice QCD result [6] .
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